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ABSTRACT 
Plasticizer is an additive for plastic to improve its elasticity and flexibility. In this experiment, 
the composites based on chitosan-starch were synthesized at different weight ratios (7/3; 8/2; 9/1; 
10/0)  by using 12.28 – 24.24% volume of glycerol as plasticizer. This paper studies the influence of 
plasticizer on mechanical and chemical properties of chitosan-starch plastic film. The films were 
observed on the aspect of mechanical characteristic (tensile strength, elongation at break), and % 
swelling. The mechanical characteristic of the film were characterized by autograph and swelling test. 
The alteration of chemical structure was studied by FTIR.          
 The results showed the higher of chitosan-starch ratio increased the tensile strengh and              
the elasticity of film but decreased in % swelling. Otherwise, the addition of plasticizer increased    
the elasticity of film and % swelling. These results suggested that these two film forming components 
were an interaction existed, a greater intensity was observed and the amino group band of chitosan 
molecule in the FTIR spectrum shifted from 1601 cm−1 in the chitosan film to 1590 cm−1                      
in composite films.  
 
Keywords: Chitosan-Starch ;  Gliserol ;  Tensile Strength;  Elongation at Break 
 
1. Introduction 
Recently, biodegradable polymers have much attention because of environmental issues. 
Bioplastic is a new product from biodegradable and plastic composite, composed of material 
that can be degraded as starch (maize, potato, tapioca), cellulose, proteins, lactic acid, and     
so on. Those materials are non-toxic in the production process and decompose  into carbon 
dioxide, water and biomass in the environment when disposed of. 
Up to this point, there have been done a lot of researches to make environmental 
friendly polymer materials or biodegradable polymer products, one of which is modified by 
combining materials from synthetic-natural or both natural materials such as composites based 
on chitosan-starch.   
Chitosan [-(1-4)-2-amino-2-deoxy-D-glycopyranose] is a polysaccharide obtained from 
natural chitin through alkaline deacetylated, the second most abundant polysaccharide on the earth 
after cellulose (Rhim, Weller, and Ham, 1998). While, starch becomes one of promising candidate for 
biodegradable polymer because of low cost. Unfortunately, starch based polymers have very poor 
properties compared to other commercial polymers, such as moisture sensitivity, difficult 
processability and poor mechanical properties. Therefore, combining starch with chitosan                   
as hydrophobic flexible polymer and suitable plasticizer can solve the problems. One of the 
plasticizers which can be used is glycerol. By the addition of plasticizer polymer substances, 
biodegradable polymers are easily obtained, cheap cost of their production and the tenable            
nature of plasticity. 
Various studies have been published on the modification of chitosan – starch composite among 
others: the effects of glycerol and chitosan (Chillo et al., 2008), ferulic acid (Mathew, S. and 
Abraham, T.E., 2008) and ratio of corn starch to chitosan (Xu, Y.X. et al., 2005) on the mechanical 
properties and barrier characteristics of chitosan-starch film. Chitosan can be used as raw material for 
biodegradable films (and Cardenas Miranda, 2004) and provide a strong mechanical properties 
(Rutiaga, et. al., 2005). The research about modification of chitosan –starch composite which deals 
with various degree of deacetylation of chitosan has also been published.  They present that the higher 
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degree of deacetylation (DD) of chitosan will cause the structure of the chitosan become stronger 
compared to the chitosan with lower degree of deacetylation   The higher degree of deacetylation of 
chitosan caused the level of stretch increased, therefore  the plastic film will be  more elastic. 
(Nunthanid, et. Al., 2001).    
In the previous research, the influence of plasticizer composition and the ratio of chitosan-starch 
on the properties of starch-chitosan composites film were also studied (Emma, et.al., 2007). In that 
experiment, the composites based on chitosan-starch were synthesized at different weight ratios     
(3/7-10/0) by using 4 %v/v of glycerol as plasticizer. The films were observed on the aspect of 
mechanical characteristic, and % swelling. Tensile strength of the composite films first increased and 
then decreased with chitosan addition more than 60%. Otherwise, the addition of chitosan increased 
the elasticity of film and decreased % swelling. Films made of chitosan with the higher                    
degree of deacetylation were found to have higher tensile strength and elongation in a tensile test. 
Chitosan film obtained in the previous studies has been quite strong, but still in low elasticity.  
Bourtoom (2007) in his attempt to increase the elasticity by adding plasticizer with 
composition 10- 60% volume to the mixture of chitosan-starch. The plasticizer used is 
sorbitol and ethylene glycol. The results showed that the  plasticizer in low composition make 
the film are not pliable, while in high composition make plastic film being easily absorb 
water and dissolve. In order to optimize the mechanical characteristic of chitosan-starch film, 
several chitosan-starch ratios combined with plasticizer composition were investigated          
in this research.  
 
2. Experimental 
Chitosan which has 84 % of DD ( degree of deacetylation) were obtained from the laboratory 
product. It was diluted in acetic acid solution at about 0.75 % (v/v). ). A series of starch/chitosan 
composite films were prepared at chitosan/starch ratio ratio of  7/3; 8/2; 9/1; 10/0.  The solution was 
stirred and heated at 60 oC. Glycerol as plastizicer was added in the various composition, which are 
respectively : 12.28 ; 16.67 ;  20.63 ; 24.24% volume to chitosan. The mixtures were casted  at  room 
temperature onto a glass plate  and dried at 50 oC. Plastic film was already soaked with dilute NaOH  
and then peeled from the plates. The Characterization of composite films includes mechanical 
properties (tensile strength, elongation at break),  and swelling test. The mechanical properties were 
characterized by autograph (ASTM-D638) and the alteration of chemical structure was studied by 
FTIR (Fourier Transform Infrared Spectroscopy)  
 
3. Results and Discussion 
In order to study the influence of plasticizer in starch-chitosan film, there were series of 
experiment by varying plasticizer composition  ( 12.28% - 24.24%) at several ratio of starch-chitosan.  
The results of tensile strength and ultimate at break testing film kitosan-starch with addition 
of plasticizer are showed in Figure 1(a). and 1(b). 
 
  
Figure 1. The Influence of Plasticizer Composition on the Chitosan-Starch Ratio to  
(a)Tensile Strength, (b) Elongation at Break 
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In figure 1(a) shows that  the tensile strength values of the composite films increased with  
the addition of chitosan, which 100% chitosan film has the highest tensile strength compared to  
chitosan to starch film in the range of weight ratios (7/3; 8/2 ; 9/1). Chitosan has a linear chain 
structure (Hemant and Shivakumar, 2009), while the starch have two main constituent 
components i.e.: amylose has a linear chain structure and amylopectin has a branched 
structure. The higher chitosan composition are more compact leading to facilitate hydrogen bonding 
formation and in turn crystallinity formation in film. Furthermore, higher  chitosan contains  more  
amino  groups,  which  also  facilitate  the  hydrogen  bonding  formation both intra and  
intermolecular hydrogen bonds. The formation of intermolecular hydrogen bonds could be between 
NH3+ of chitosan backbone and OH- of the starch. The amino groups (NH2) of the chitosan were 
protonated to NH3+ in the acetic acid solvent, whereas the ordered crystalline structures of the starch 
molecules were destroyed with gelatinization, resulting in the OH groups being exposed to readily 
form hydrogen bonds with NH3+ of the chitosan. The number of NH3+ increased with increasing 
chitosan in the film forming solution. At the higher chitosan, the tensile strength of the composite 
films increases. This is different with other previous results (Xu, Y.X., et al., 2005 and Kenfat and 
Wulan, 2007), which at the higher chitosan, the tensile strength of the composite films decreases.      
The decrease in tensile strength with increasing chitosan may occur because chitosan intra-moleculer 
hydrogen bonds rather than inter molecular hydrogen bonds are formed; resulting in a phase 
separation between the two main components.         
The elongations at break values of the composite film were affected by the addition of chitosan. 
Figure 1(b) shows that the increase of chitosan composition will increase the strain. The films were 
transparent, quite strong and flexible. Chitosan films are typically more flexible than starch films.  
The addition of chitosan increased the flexibility of the film 
In Figure 2. – Figure 3. shows the influence of plasticizer composition (12.28% - 24.24%) to 
tensile strength and %strain on chitosan-starch different weight ratios (7/3; 8/2; 9/1; 10/0). 
 
  
       Figure 2. The Influence of Plasticizer Composition to Tensile Strengh and 
                                          %Strain on (a)10/0 ; (b) 90/1 Ratio of Chitosan to Starch 
 
In figure 2-3 shows that the addition of glycerol as a plasticizer will increase tensile strength 
and strain of the film in the chitosan-starch of weight ratios (7/3; 8/2; 9/1; 10/0).  The higher glycerol 
composition probably facilitate hydrogen bonding formation both intra and intermolecular hydrogen 
bonds and in turn the tensile strength of the composite films increases. The addition of plasticizer up 
to 24% in several ratios of chitosan starch results in a two –to five fold increase in the elasticity of the 
film. The elasticity properties were characterized by the plasticizers could be caused by a change        
in the structure from crystalline to amorphous state in the formation of composite films.                 
(Xu, Y.X., et al., 2005). Other result (Bourtoom, 2007) showed that an increased in the concentration 
of glycerol over on the range from 20 to 60% yielded a decrease in tensile strength due to the decrease 
in the intermolecular interactions concomitant with an increase in elongation at break. 
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                        Figure 3. The Influence of Plasticizer Composition to Tensile Strength and 
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Figure 4. FTIR Spectra of Chitosan Film, Starch Film, and typical Chitosan/Starch 
Composite Film  with the ratio of Chitosan to Starch of  9/1 and 20.63% Plasticizer 
 
The chemical structure of chitosan starch composites was  also verified by  FTIR  analysis.     
The infrared spectra of chitosan, starch, and chitosan-starch composite film are presented in Fig. 4. 
The chitosan spectrum was similar to previous reports (Nunthanid et al., 2001; Ritthidej et al., 2002; 
Xu, Y.X., et al., 2005). The broad band at 3448 cm-1 was the OH stretching, which overlaps the NH 
stretching in the same region. The band at 1601 cm-1 was the NH bending (amide II). A peak near 
1655 cm-1  was due to the C=O stretching (amide I). In the spectrum for starch film, the broad at 3418 
cm-1 was the OH stretching. The peak at 2912 cm-1 corresponded to the C-H stretching., while              
the band at 1646 cm-1 and 1418 cm-1  were assigned to the (O-H) bendings of water and CH2, 
respectively. In the typical spectrum of chitosan-starch composite film, greater intensity was observed 
and the amino peak of chitosan shifted from 1601 to 1590 cm-1 with  the addition of starch. This result 
indicated that interactions were present between the hydroxyl groups of starch and the amino groups 
of chitosan.  This is consistent with other results (Xu, Y.X., et al., 2005).  
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The result also explained the influence of chitosan-starch ratio on swelling properties.                      
The % swelling values of the composite films as function of starch ratio in the film-forming solutions 
are shown in Fig 5. The % swelling minimum occurred at the chitosan to starch ratio 10/0, and then 
increase with the addition of starch.  Chitosan has properties of hydrophobic, while starch has of 
hydrophilic properties. Although the chitosan as a hydrophobic nature, but chitosan is still be able to 
bind water because it has a hydroxyl group. The composite may have ordered structures which can’t 
be easily hydrate. The addition of starch up to 30% in several ratio of chitosan starch results up to  1.5 
fold increase in the %swelling of the film, while the addition of glycerol in the range of                
12.28% - 24.24% indicating that % swelling was not significant increased. Glycerol has a binding 
ability of water due to the presence of the three hydroxyl groups which are hydrophilic. In addition to 
the hydrophobic and hydrophilic nature, the polarity of component affect the ability to bind water          
in each of chitosan, starch and glycerol. 
 
4. Conclusion 
The results showed the higher of chitosan-starch ratio increased the tensile strengh and             
the elasticity of film but decreased in % swelling. Otherwise, the addition of plasticizer increased            
the tensile strengh, the elasticity of film and % swelling. In the typical spectrum of chitosan-starch 
composite film, greater intensity was observed and the amino peak of chitosan shifted from 1601 to 
1590 cm-1 with the addition of starch. This result indicated that interactions were present between      
the hydroxyl groups of starch and the amino groups of chitosan.  
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